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U.S. IAVY REGIORAL CLIMATIC STUDY OF THE 0AREUTS SEA PMO ADJA tNT WATERS

The U.S. flaw Regional Climatic Study of the Barents Sea and AI.iacent Waters was
prepared for the Commander, Naval Oceanography Cozmand (COIC) by the Officer in Charge, naval
Oceanography Coead Detachment, Asheville, 1C. The work was performed in Asheville at the
National Oceanic and Atmospheric Administration's (NOAA) National Climatic Data Center
(lXO). The surface marine and coastal station statistics presented in this study were made
possible through programs designed at NCDC and funded primarily by CNOC in support of U.S.
Navy's continuing iarine climatology requirements.

Special acknvwledgement is given to the following meteorologists of NCDC's Global
Clinate Laboratory (GCL): William A. Brower, Jr., for serving as project leader and climatic
analyst; Phala L. Franks, for performing the co=puter processing and editing of marine data,
M. Lawrence Nicoderus, for develep=ent and production of the Station Climatic Summiaries; and
Michael J. Changery, for performing an editorial evaluation of the text, isopleth analyses,
and graphics products. Specific acknowledgment is also made to GCL's Ronald G. Bald-in,
corputer progra=er/analyrt for production of the co=puter-generated graphic presentations,
and Michael G. Burgin and Scott J. Hiller, meteorological technicians, for their drafting
skills in preparation of this publication for printing.

G ooraphical Coverage c,.

; This cliratic studycovers the Barents Sea and adjacent waters between 67t and 807 north
latitudes and 04 and 567 east longitudes., Figure I shows the Area and the locations of 10
coastal and island stations forwhhichJliOatic statistics are presented.

Cliatic Data ard Sumraries

Surface marine statistics are presented on monthly charts in the form of graphs, tables,
and isopleth maps. Statistics include the means or percent frequency of occurrence of
threshold values for wind, visibil y, clouds, precipitaticn, air and sea surface
te-peratures, ocean waves, and sea ice. The marine statistics, for other than sea ice, are
based on 773,000 hourly observations taken from IICOC'.. ape Data Family 1129 (TDF-1129).
These observations were collected by ships of various registry frequenting the marine Area
over the period 1854-1987.

Many of the ships' observations are presently transmitted over the Global
Telecomunications System, captured and archived. Other observations are digitized from ship
log forzm by various participating members of the World Meteorological Organization, and
exchanged under international agreement among the various maritime nations of the world.
Although data for this study dates from 1854, most of the observations have been collected
in the past 40 years, which is significant because recent observations contain more elements
than pre-1948 reports. The density of observations is greatest along major shipping routes
which, in the Area, connect all the major ports of the region through the shipping corridors
of the Barents, Norwegian, and Greenland Seas.

The TOF-1129 data were subjected to thorough computer and visual quality control to
eliminate duplicate observations and exclude questionable elements detected during internal
consistecy and extreme value checks. The edited data were computer summarized and plotted
by V" lat tude by 2" longitude quadrangles and subjectively analyzed by a meteorologist in
order to produce isopleth maps. Subjective adjustments were made to the analyses when data
biases or insufficient observations were evident. Consistency checks were also made in the
sets of monthly patterns for each element and among elements, as well as comparative checks
with other marine atlases and publications.

Computer graphs and tables of visibility, wave heights, and wind roses are also
presented by quadrangle on monthly charts. The legends on the charts contain detailed
instructions on how to read the graphics. The graphs and tables represent the objective
compilation of available data. These data were not adjusted for suspected biases (low
observation count, heavy weighting of observations taken during relatively short time
intervals, biases in coding of observations from various source decks, etc.); hence,
differences may be found when comparing the graphical data with the isopleth analyses. The
total number of observations for a given quadrangle should always be considered when
interpreting the data because there may not be a sufficient number for the calculation of
climatically representative statistics.
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Sea ice in the Area throughout the year restricts shipping, and the collection of marine
obs'rvations, to ice-free waters. For this reason, sea ice statistics are presented alorg
with the marine isopleth parameters. The ice statistics were taken from U.S. Navy's Sea Ice
Climatic Atlas: Vclu e 11 Arctic Ice East (HAVAIR 50-IC-541). The mean ice edge is
displayed on all isopleth charts, and additional ice information is included with the
isopleth charts for sea surface temperature and wave heights. The degree of statistical
confidence is low for all isopleth analyses extending beyond the mean ice edge, the area
having little or no data. Isopleth analyses beyond the mean ice edge were based principally
on extrapolations of weather patterns identified by isopleth-analyses over ice-free waters
and during warmer months, the area and time of greater data availability, and other marine
and continental atlases and publications.

The ice isoplcths presented give the percent probability of ice extremes and
concentration for the Barents Sea and adjacent waters. Actual concentration boundaries,
under the influence of changing synoptic meteorological and oceanographic situations, may
vary widely from the averages. An isopleth label, therefore, does not explicitly define the
conditions on either side of the line since presence of sea ice is discontinuous in nature
and regions of 80% mean ice concentration may be bordering regions of 20% ice concentrations
with no intermediate region of 50% ice concentration. However, the inherent continuity of
persistence of sea ice features permit an :sopleth presentation to provide meaningful
information. The sea ice data were derived from digitized weekly analyses of sea ice
conditions based primarily on satellite imagery (90%) supplemented by ship and shore reports
and aerial reconnaissance. These weekly polar sea ice analyses have been operationally
produced by the U.S. Navy/NOAA Joint Ice Center (JIC) since 1972. In 1981, JIC initiated a
Sea Ice Digitization Program to digitize the weekly polar ice maps as they become available.
NCDC was funded by the U.S. Navy to design software and digitize all weekly ice concentration
charts available since 1972, and produce polar ice atlases based on data through 1982. The
Antarctic Ice Atlas was published in 1985, and the Arctic West and the Arctic East Atlases
in 1986. Ice data for 1990 are presently being digitized.

Station Climatic Summaries (SCS) are presented in tables for the 10 coastal and island
stations shown in Figure 1. Table I lists the station name, location coordinates, and period
of record for the hourly (telecommunications) data which were processed for each of the
stations. Data for these 10 stations were taken from the edited digital files of the U.S.
Air Force's Environmental Technical Applications Center (ETAC) in Asheville, NC.

TABLE 1. Climatic Summary Stations

WO NO. STATION NAHE LAT ION (E E PERIODOF RECORD

01025 Tromso/Langnes, Norway 69-41 18-55 1973-1989
01028 Bjornoya Island, Norway 74-31 19-01 1973-1989
01062 Hopen Island, Norway 76-30 25.04 1973-1989
01098 Vardo, Norway 70-22 31-06 1973-1989
01152 Bodo, Norway 67-16 14-22 1973-1989
20046* Kheysa Island, USSR 80-37 58.03 1973-1989
20107 Barentsburg, USSR 78.04 14-13 1973-1989
20744 Halyye Karmakuly, USSR 72-23 52.44 1973-1989
22113 Murmansk, USSR 68-58 33-03 1973-1989
22165 Kanin tos, USSR 68-39 43-18 1973-1989

* Statlcn located just NE of Area (where no marine data exist)

A word of caution. The intent of this atlas presentation is to gather and present
existing data on climatological conditions within the marine and near coastal areas of the
Barents Sea and adjacent waters. The data are presented without discussion and
interpretation. Given the information presented in the introductory text, legend
descriptions on all charts, and numbers of observations displayed with the graphics
presentations, the user should be able to assess the degree of statistical confidence in the
presented climatology for a given month and location. As stated earlier, because little or
no data were available within the ice-covered waters of the Area, the degree of statistical
confidence must be considered low for all marine statistics extending beyond the mean ice
limit displayed on each isopleth chart. In addition, after the marine isopleth analyses were
completed and artwork begun, it was decided to include climatological statistics for the 10
coastal and island stations in order to present a better climatological picture of the Area.
Differences, therefore, may be found when comparing the station tabular data with the marine
isopleth analyses.
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Physical Features

Th1 Barents Sea, a major outlying sea of the European sector of the North Polar Basin,
is bordered on the south by northern Norway and Russia and the White Sea and on the east by
the great archipelagoes of Novaya Zemlya, which separates the Area from the Kara Sea, and on

-the north by Svalbard and Franz Josef Land and the Arctic Ocean. The straits sandwiching
Bjornoya (Bear Island), an island midway between Norway and Spitsbergen defining the western
limit of the Barents Sea, connect the Barents Sea with the neighboring deep waters of the
Greenland Sea to the west and the Norwegian Sea to the southwest. West and southwest beyond
the Area lie the islands of Greenland and Iceland. The Barents Sea covers a relatively
shallow continental shelf fringing the Eurasian landmass. This shelf floor, which is covered
by sand, silts, and a sandy-silt mixture, is 750 miles across and is a part of the widest
shelf in the world. The Barents Sea's area is 542,000 square miles--about the size of the
Gulf of Mexico--and has an average depth of 750 feet, with a maximum of 2,000 feet within the
east-west oriented Bear Island Trench located south of that island. Numerous minor rellcf
features, probably caused by glacial action, are scattered throughout the Area. Although no
true submarine canyons are known in the Area, glacial-type submarine valleys extend seaward
from the mouths of many fiords. Nearly all seismic activity occurs west of the Area along
the Hid-Atlantic Ridge, running north through Iceland, Jan Mayen, and west of Svalbard to the
polar regions. Figure 2 provides some general bathyretry information.

Surface currents in the Norwegian, Greenland, and Barents Sea are generally
counterclockwise. Seasonal location of sea ice in the Area varies greatly from year to year
but never completely disappears. A permanent tongue of polar pack ice west of the Area
prevents direct access to the Greenland coast from the Area throughout the year. The ice-
free waters of the Area afford the shortest shipping route from European Russia to the North
Anerican continent. The eastern end of the important North Sea route to the Barents Sea,
although ice-free on the average only from late June into late October, is via the Baltic-
White Sea Canal. In no portion of the Area does the surface water reach a temperature at
which an individual can be considered reasonably safe from the effects of cold water--
survival times are exceedingly limited. Tides are principally semidiurnal, with the
progression generally northward in the Norwegian and Greenland Seas and eastward in the
Barents Sea. Spring tide ranges are greatest along the Norwegian and Russian coasts, the
maximum range of 28 feet occurring at the mouth of Russia's Mezen' River in the White Sea.
Tidal currents may reach speeds of 3.5 knots in places along the Norwegian and Russian coasts
and present difficulties to navigation. The most direct great circle air routes between
Russia and North America cross the Area.

The Area's western mainland coast eastward to Cape Svyatoy at about 40* longitude is
elevated with abrupt shores. East of Kanin Peninsula the Russian coast within the Area is
lowlying, with a number of shallow bays and inlets. The bleak coasts of the various
archipelagoes are steep and high; glaciers frequently plunge down to the sea and moraines
(glacier-carried debris) accumulate in the hollows.

General Circulation and Climate

The climate of the Area is influenced throughout the year by seasonal variations in
three polar air masses and their associated wind regimes and intervening zones of
interaction--the Arctic air with polar easterlles to the north, the Eurasian continental air
and Atlantic maritime air with mid-latitude prevailing westerlies to the south, and the
Arctic front embedded in zones of relatively low pressure located between the cold Arctic and
milder maritime air. Other controls on the climate of the Area include the decrease in solar
insolation in polar regions compared to that in the regions of the westerlies to the south,
relatively stable climate over the Ice-covered Arctic Seas, seasonally variable climate over
the Eurasian continent, warm and cold ocean currents, and ice-free waters. The combined
influences produce a climate within the Area ranging from polar in the northern portion to
near temperate in the southwest. The polar regime is typified by generally persistent but
weak polar easterlies and relatively fair weather associated with high pressure. The
southern portion is typified by relatively intense but variable westerlies associated with
migratory extratropical cyclones originating west of the Area and moving through the Area
along the Arctic front. Continental Influence is present along the Eurasian coast. The
result is a bleak climate with low air and water temperatures, fog, ice, rough seas, and
sudden and long continuous storms. Fgge.3 shows the mean sea-level pressure distribution
in January and July for the area 30-80N, 20W-9OE.
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Both the Arctic and Eurasian continental polar air masses, which develon over surface
ice and snow, are highly stable and typified by intense cold, and relatively dry, fair
weather associated with high pressure. The continental high is most intense during winter
and the Arctic front is well defined and in general extends eastward within the Area from
Bear Island to the northern tip of Novaya-Zemlya. In summer, an increase in insolation and
the consequent surface heating on the Eurasian continent result in relatively low pressure
and, as the Arctic high expands, the Arctic front becomes diffuse and is generally found to
the south along the Russian coast. The northwestern tongue of the relatively warm Atlantic
polar maritime air mass, which is actually returning Arctic or polar continental air modified
by passage over water, continually influences the Area's southwestern waters and coastal
regions of Norway and western Russia. The Arctic front, a semi-permanent, semi-continuous
front, extends in a northeasterly direction from the deep semi-permanent Icelandic tow south
of Iceland across the Barents Sea and beyond. Winter storms, which grow along the front,
move generally from Iceland along northern Norway to the Barents Sea and, on occasion,
continue eastward along the north coast of Siberia. Cyclonic intensity is greatest in the
Norwegian Sea, decreasing along the axis of the pressure trough eastward to Novaya Zemlya.
A vigorous variation in weather associated with the frequent passage of cyclonic depressions
along the front is typified by increased wind speed, cloudiness, precipitation and, in ice-
free waters, sea state.

Although air masses and the intervening zones of interaction are significant in
determining the climate of the Area, the path and age of the air mass, as well as the nature
of the source, govern its characteristics. Also important, because of its effect on
stability, is the contrast in temperature between the air mass and the surface over which it
travels. The most pronounced variation of these factors occurs between winter and summer;
the intervening seasons are transitional. Long periods of severe cold and the high
percentage of snow result from frequent outbreaks of extremely cold air from the north. The
relatively high temperature, persistent cloudiness, strong winds, fog, and fairly frequent
precipitation can be attributed to the invasion of warm, moist air from southerly sources.
This vigorous variation is a response to the frequent passage of cyclonic depressions along
the Arctic front.

Two Arctic air masses originating during winter over ice in high latitudes having almost
complete lack of insolation make up the very cold air to the north of the Arctic front. The
Greenland/Polar Basin air quickly becomes modified to Arctic maritime air as it mo,,es
southward over relatively warm waters and only fresh outbreaks over these waters result in
unusual instability. Severe turbulence and showery precipitation of cold rain or snow are
associated with such southward air mass displatements. The second air mass, which originates
eve Novaya Zemlya/Polar Basin northeast of the Area, undergoes relatively little
modification as it moves southward over the underlying ice pack, and such storms are
generally considered the most severe type along the Arctic front. Generally, less variation
in air masses is experienced during the short summer period when a flat and less extensive
pressure field and fewer intense depressions result in a weak circulation patterhi. Also the
distinction between polar maritime and Arctic air becomes less pronounced because, under the
influence of almost continuous insolation, their source regions become fairly uniformly mild,
humid, and semi-maritime. Air masses formed over the Arctic pack ice, however, retain their
extreme winter characteristics which contrast sharply with the warmer and more moist air from
the southwest.

The Arctic pack ice plays an important role all year in the climate of the Area.
Although heat is conducted through the ice from the relatively warm waters beneath, this ice-
covered region acts very much like a large landmass in winter. During outbreaks of cold, dry
Arctic air, the pack ice helps to maintain the original characteristics of the Arctic air as
it travels over the ice. Weather is generally fair and clear and very cold. However, when
maritime air is advected over the pack ice, widespread regions of fog and low clouds are
quickly formed.

The maritime regions south of the ice limits exhibit seasonal moderation, whereas the
continental regions south of the Area cause extreme seasonal variability off the coasts of
Eurasia. Along the Norwegian and Russian coasts, where the continental effect is present,
mean temperatures are slightly higher in summer and lower in winter than in the region of
westerlies to the north. In summer, when the continent of Asia becomes a warm source, air
masses invading from the southeast become stable over the relatively cold water. Polar
continental air quickly becomes modified into polar maritime air after passing over the ice-
free waters for two or three days, The southeast Barents Sea and White Sea area also come
under the Influence of rather intense low pressure systems forming on the polar front over
northwest Europe during the warmer months.
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isopleths are presented; the scalar rean speed and the Percent frequency of winds less than
11 knots, fro. 11 to 21 knots, from 22 to 33 knots, and greater than or equal to 34 knots.
Also given are wind roses for 1" latitude by 2' longitude quadrangles.

Visibility

Visibilities are difficult to measure at sea because of the lack of distance reference
points. Climatically, many low visibility observations are probably missed because the
cbserer is too busy with other duties (a contrasting form of fair weather bias). However,
the coarseness of visibility (code) intervals helps to minimize the problem, thereby
permitting the summarized data to be relatively consistent.

Clouds

A survey of the cloud data (total and low cloud a=ount) from the surface marine
observations data base shows that the number of total cloud reports are significantly greater
than that of low cloud amouats. This is because many of the early marine observations
contain only total cloud amount. For the two presentations (total cloud amount s 2/8, and
low cloud amount z 5/8), only those observations reporting both total and low cloud amounts
were sumarized. This helps eliminate problems introduced as a result of different size data
sets (r-count). The use of satellite data helps to bolster confidence in the total cloud
analyses because they show fairly close agreement with those observed on the surface (U.S.
Department of Commerce and United States Air Force, 1971).

Ceiling and Visibility

Aircraft-type ceilings are not available from marine observations. The ceilings are
estimated from the height of the lowest cloud when low clouds cover more than half the sky.
When the sky is totally obscured by rain, fog, dust, or other phenomena, the total
obscuration is considered a ceiling with a height of zero. Hid-range ceiling and visibility
charts (ceiling less than 1000 feet and/or visibility less than 5 nautical miles; ceiling
less than 8000 feet and/or visibility less than 10 nautical miles) and low-rarge ceiling and
visibility charts (ceiling less than 300 feet and/or visibility less than I nautical mile;
ceiling less than 600 feet and/or visibility less than 2 nautical miles) are presented.

Wave-Heights

Wave-heights have been recorded in consistent quantitative code since the late 1940s.
The reluctance of many observers to take wave observations in the earlier years and the
difficulty in estimating waves, especially in confused seas, make wave observations one of
the least coco-only observed elements. The observations are also subject to biases.
Generally, the heights are too low, the periods too short, and the sea-swell discrimination
poor (Quayle, 1980). The data in this study have not been adjusted for the suspected biases,
but were processed through a quality control procedure wherein an internal check was made
between wind speed and sea height. The data were also matrix-arrayed and apparent erroneous
outlier data values were deleted from both the sea and swell data. Wave-height presentations
include isopleth maps showing percent frequencies of wave-heights 2 3 feet and Z 8 feet. In
addition, wave-height tables by quadrangle show frequencies by six wave-height categorie5.
In these presentations, the higher of the sea or swell was selected for summarization. If
heights are equal, the wave with the longer period was selected.

xiii
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January Visibility
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January Ceiling-Visibility (mid range)
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6 NOTE. Analysis beyond the mean ice edge is highly subjective due to low observation counts.



JanuaryCeiling-Visibility (low range)
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January Wind-Visibility-Cloudiness
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January Mean Scalar Wind Speed
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January Wind Speed < 11 and > 34 Knots
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January Wind Speed 11-21 and 22-33 Knots
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January Surface Wind Roses
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January Surface Wind Roses
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January Surface Wind Roses
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January Mean Air Temperature
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14 NOTE. Analysis beyond the mean ice edge is highly subjective due to low observation counts.
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January Mean Sea Temperature & Ice Edge
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January Wave Height >3 Ft. & Ice, Concentration
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January Wave Height > 8 Ft. & Ice Concentration
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January Wave Height
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January Wave Height
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February Clouds
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20 NOTE: An*sis beyond the mean ice edge is highly subjective due to low observation counts.



February Precipitation
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February Visibility
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February VisibilityI
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February Ceiling-Visibility (mid range)
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February Ceiling-Visibility (low range)
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February Wind-Visibiity-Coudiness
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26 NOTE Analysis beyond the mean ice edge is highly subjective due to low observation counts



February Mean Scalar Wind Speed
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February Wind Speed < 11 and > 34 Knots
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February Wind Speed 11-21 and 22-33 Knots
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February Surface Wind Roses
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February Surface Wind Roses
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February Mean Air Temperature
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32 NOTE. Analysis beyond the mean ice edge is highly subjective due to low observation counts.



February Mean Sea Temperature Uce Edge
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NOTE. Analysis beyond the mean ice edge is highly subjective due to low observation counts. 33
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February Wave Height >3 ft. & Ice Concentration
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February Wave Height >-8 Ft. & Ice Concentration
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February Wave Height
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February Wave Height
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March Clouds
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March Precipitation
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march Visibility
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March _______ __ Visibility

11 1111+.
+ + + + + + +- + 4 +

24 IC'

52

1.5545 2.04 + + + +

24 557 4 72.

a .53.5 MA0 7. =

.5.5 5.5 ' . . + . 5 .055 ,CS1

54 . 7 54 3.5 1,; 571.
24 31 24 51 245 J..

5m 1 5 .0 as S 2. 250 53.0.9

+ + +

5.2c 55.5 541 221 54 0 52

4 2.2 2 2319 24 25. 24 35A 3
5.20 3Z.S 5.1 07 55 63 SIM3 I55.2 oo 0

.5 2 .5 . .. 5. .. 0 .5. 53.0 .. 5.

3,1+ 57.7 .45 .752 8.+ 5.S $I+ S Z .s 1+ .?+ M S+ . 02+ .52 57
24 23. 24 230 24 5 2 7 50. S2 I1 1 4 " 202 24 .0

.2 to 1.5 5.5 2% 5.0 t5o . 11 is 1 is .12 55.21- 5.5 1 230 .. z 00
5 0 M0. 5.3 55.3 v12 .2-S "552 A . ., - .0 1 S 55 too

ha .3 Ca 2&0 Sa 221 ha So Ca 30 555o a57mM1 A m S

S$+ S J+ .6.+ .. .+ .12 S+ + + + .06.,CA.,
.5. 5 .241 5.7 4195 7 5.5 2' .". 57 . 5 45 .. I7 1. 574 5. 41 5.5 00
112 700 5.2 52. 5.12 5.4 5.2 103 1.2 Y5 1 ' 772 2'2 55 5.2 52 5.2 C152

2421 245274 25 n 4 033 21S32,S 24 26.' 2.52S got7 24S 24530

5.5 A 55 2S.0 5.5 23.5 5.0 20 5.. 1.51 t 5.5 1 5.5 34.7 5.5 25 5.5 25 5.50 50A
1 2.8 5501577 5 12 2.7 1 50 532 0 03 1 5.7 1 275 53 55. a,010 7. 1

1a02 n.2 232 C 2 $ 1a ;45 'I" 2a IS "2., Ca 51 a 3 s. 55

+- + + 0+ S 2 S0+ + +~5
'5 37 '.5 5 '.5 5.5 '5 5. I. 27 '537 +0.5 315 3

5.5 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~o 252 .55 57 .. , 55 53 .. . . 755 5 .. 0 .. 3 .. .

57222172235223522359 3 147250262 7MI5.5 17 .50 9.3 5.53 235 5.5 26 5.0 12. 5.303 5.0 52 550 50 55 53 55

5 50 45 255 50 23 55 23 55 55 55323055321. 5, 330 550230 55353.



March Ceiling-Visibility (mid range)
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42 NOTE: Analysis beyond the mean ice edge is highly subjective due to low observation counts,



MarchCeiling-Visibility (low range)
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March Wind-Visibility-Clouldiness
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March Mean Scalar Wind Speed
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March Wind Speed <11 and > 34 Knots
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March Wind Speed 11-21 and 22-33 Knots
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March Surface Wind Roses
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March Surface Wind Roses
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March Mean Air Temperature
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50 NOTE, Analysis beyond the mean ice edge is highly subjective due to low observation counts



March Mean Sea Temperature & Ice Edge
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March Wave Height > 3 Ft. & Ice Concentration
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March, Wave Height > 8 Ft. & Ice Concentrati on
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March Wave Height
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March Wave Height
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April Clouds
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April Precipitation
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April Visibility
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April Ceiling-Visibility (mid range)
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April Ceiling-Visibility (low range)
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April Wind-Visibility-Cloudiness
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April Mean Scalar Wind Speed
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April Wind Speed <11 and > 34 Knots

2) C,

00-

10

0 V)

\ IIP

NOE nayss eyndth ea ie dg i hghy jetie uetolo osevtio con 0



April Wind Speed 11-21 and 22-33 Knotsi0
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April Surface Wind Roses
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April Surface Wind Roses
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April Mean Air Temperature
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April Wave Height >3 Ft. & Ice Concentration
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April Wave Height > 8 Ft. & Ice Concentration
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May Precipitation
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May Ceiling-Visibility (mid range)
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May Ceiling-Visibility (low range)
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May Wind-Visibility-Cloudiness
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May Mean Scalar Wind Speed
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May Wind Speed <I11 and > 34 Knots
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may Wind Speed 11-21 and 22-33 Knots
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May Surface Wind Roses
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May Surface Wind Roses
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May Mean Air Temperature
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fMay Mean Sea Temperature & Ice Edge
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May KWave Height >3 Ft. & Ice Concentrationf
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fMay Wave Height- 8 Ft. & Ice Concentration
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May Wave Height
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June Clouds
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June Precipitation
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June Visibility
4 A A

A. V.- J+I's
z w oc SID

SJ 5 "S r.is22Z" It, 4 15 25.10 24

Cl
MO PS 9-5 9,. VS IS = m zj

3" z Ps S-Z Ali V3 z -. 1I " 5 DID S"', M,
M I's 4. V. 4 25.1 A- X. a- --WD .4 =I

+ 22+ .. -2 + +

95 .5.0 Do
1: P2 5.9

01, ,'S I VS I...
S %D C3 S'DI 20-0 v) V.

#Z 3" 44 34,11 4z SL. Vj te W.. AS es

+ +
.. S a.- ,S -. 5 7 %+ S id., S 15 + .. S

"1 5.11 l .% S 0.1 1 5,, 1" %_5 1, " v4L ;4
.2

m PS zo 24 9 m S.4 111 019 2'S A's
ml S4C S!% j m 5 - s if. mf $,la X, 4 -

1 94 P.! .4 r_,I A. M. AV 7$ 44 S 4.1 52 AV M. .4 Al,. I ft. M IS.,
n 'SS .. .0 .. 3. .0 2. 2.

1, " , 13 0 -S 15 + + + =%+ 01+ 5 '33, S

S'l m S'l 15 S.: I.. " 1 S10 1.3 .5-1 OZ 00 $4 lLo l 9
+14 1.2 Z41 w 9 14 SID 1.2 41, 14 01 112 lt 14 .2

24 2.2 11.0 M Is NS mj ISI No 24 M m +

S-r S-Z V.. SW L V =t m W, W S l &I

50. l + A. + + o + 2. + Is 2. +

Sr.5 a, ". Dr. ".9 1* Irs 4 9 AM M2 AD 149 AX O 44 1 A. "" m 7 1

01 9 Lf, 'A . A 'A 0,1 " .1 1-1 913 S.1 1., *4 1-1 & SIP C, 5.9 0
2.1 -z 14 7 2 11 14 113 4 00 14 6 1 1-

jl .15 M3 m I"s 2,S ml .15 24 11.9 .S 1, 3 'S S., If]
1-0 N5 Qt 2A.D 0 X 5 V M 6 10 2; S S. 0 0 'o Q" W 204

"Al 6 U SS. 1 m v 1. f'o 311 I'D w 9 1. 1.3 1,,) am am Solo
.o M 2" 30, 11, - 2.

'S .6 'S L4 D S 70' S 30i S 00 -. 5 71 -5 .. 1 511

to o, ,I % : " 54 00 51. 10 " 31, l co
.2 2.1 1-2 L. "a 1-1 1,1 14 11 P 13 1,2 1.1 1,2 0 1 112 I IQ

2-S L, 1-41 "S m to 'o 9 m 39 2.5 ILO 2 1 m .3
S-:o 25, S.-O 21RIS "o U1. S-10 .1.4 .O 315 10 261 WO M a

0 01 14 as SZ6 410 flA 410 36 5 W PS .. o Sr" A'o wo a MA 4.0 S2.2 all, S21

.1 1.. 6,4 1, 2. 2$ + - 24'. 2) .. 1 1+ "S S ' IS + + S) + + 00
00 5.1 00

1.2 os 9.2 4 1-2 oo
IS W9 2.5 A, 2-S III S

SOO Oj h .5
S..A. .. A a.. St

+ 02+ +

A I A 1 14 1
AO-%- c fo, I

95



June Ceiling-Visibility (mid range)
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June Ceiling-Visibility (low range)
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June Wind-Visibility-ClOudiness
V r

Cli

poCo

0 00

z V

g - 1
U') 

0 O 0,

,

0 Al -U

0

to
LLJ

(Y)

0

(Y) 0
-4 

IN

C)

98 NOTE Anatysis beyond the mean ice edge is highly sub;ective due to iow observation counts,



June Mean Scalar Wind Speed
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{June Wind Speed < 11 and >34 Knots
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June Wind Speed 11-211 and 22-33 Knots
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June Surface Wind Roses
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June Surface Wind Roses
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June Mean Air Temperature
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June Mean Sea Temperature & Ice Edge
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June Wave Height > 3 Ft. & Ice Concentration
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106 NOTE Analysis beyond the inean ice edge is highly sub;ective due to low observation counts,



June Wave Height > 8 Ft. & Ice Concentration
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June Wave Height
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June Wave Height
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July Clouds
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July Precipitation
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July Visibility
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July Ceiling-Visibility (mid range)
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114 NOTE. Analysis beyond the mean lee edge is highly subjective due to low observation counts.



July Ceiling-Visibility (low range)
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NOTE. Analysis beyond the mean ice edge is highly subjective due to low observation counts, 115



July Wind-Visibility-Cloudiness
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July Mean Scalar Wind Speed
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July Wind Speed < 11 and >'34 Knots
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118 NOTE. Analysis beyond the mean ice edge is highly subjective due to low observation counts,



July Wind Speed 11-21 and 22-33 Knots
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July Surface Wind Roses
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July Mean Air Temperature
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July Mean Sea Temperature & Ice Edge
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July Wave Height >3 Ft. & Ic e Concentration
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July Wave Height > 8 Ft. & Ice Concentratibn
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July Wave Height
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August Precipitation
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August Ceiling-Visibility (mid range)
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August Ceiling-Visibility (low range)
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AugustWind-Visibility-Cloudiness
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August Mean Scalar Wind-Speed
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August Wind Speed <I 1 and > 34 Knots
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August Wind Speed 11-21 and 22-33 Knots
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August Surface Wind Roses
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August Surface Wind Roses
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August Mean Air Temperature
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August Mean Sea Temperature & Ice Edge
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August Wave Height >3 Ft. & Ice Cancejitration
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August Wave Height > 8 Ft. & Ice Concentration
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August Wave Height
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August Wave Height
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September Visibility
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September Ceiling-Visibility (mid range)
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NOTE. Analysis beyond the mean ice edge is highly subjective due to low observation counts.



September Ceiling-Visibility (low range)
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8eptemtier Wind-Visibility-Cloudiness
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September Mean Scalar Wind Speed
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September Wind Speed < 11 and > 34 Knots
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Setmber Wind Speed 112 n-23 Knots--
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September Surface Wind Roses
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rSeptember Surface Wind Roses
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September Mean Air Temperature
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September Mean Sea Temperature & Ice Edge
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,,ISeptember Wave Height >3 Ft. & Ice Concentration" Iro. 0
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September Wave Height >8 Ft. & Ice Concentration
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September Wave Height
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IOctober Ceiling-Visibility (mid range)
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October Ceiling-Visibility (low range)
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October Wind-Visibility-Cloudiness
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October Mean Scalar Wind Speed
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ctober Wind Speed < 11 and > 34 Knots
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October Wind Speed 11-21 and 22-33 Knots
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October Surface Wind Roses
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October Surface Wind Roses
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October Mean Air Temperature
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October Mean Sea Temperature & Ice Edge
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October Wave Hleight >3 Ft. & Ice Concentration
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Octobe'r Wave Height >8 Ft. & Ice Concentration
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October Wave Height
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October Wave Height!
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November Clouds
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November Precipitation
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November Visibility

+ + + +
.. S 7.1 Is 7.1 Is tj 5 &A+ ,l 7.1

.s I Z. , _9 sd " -1 ' ", '" s
=: 1, 84

ZW , 34
sm s,= M4 seo I?.% 5,M

am an MA 40 HA Am III, a4
1+ 13+ a- fl 11 " " 11 + + +

.s Q.. .+ .. s
S.3 .54 54

14 " 14 9.7 14

Am 0.5 am IIIA 40 =5

+ NO ns. NO 203

" , .5 "+ s x .. + '-s 2.2 -. s I I+ s 12.1+ .s 4.1t .. s y 0, .. s $1

S ,iI 
.53 

S'= 
2 

$42 

9 

-0

24 

2", 

" 

*4

-5-3 M -54 1-7 S4 3- -54 2- -S4 2-2 -" &0 - I 0.3 .54 3,1 .54 4.1 I .. q
14 =3 14 a I I-C Lf 4 L $4 &1 1 S.1 14 2.$ I " 3 313 14 5.5

S S" 24 M , M Ijj 24 ;54 21S AII A MA 167 M MS 2-6 V9 21.,
5'm M. S = sM r sm .3.1 S nj ,M Z,.S 22.2 Sej j S m M.5 I, W1

am $A .. * ".3 .0 414 41 M2 412 31.1 am 414 am "I10 a" 12 Am 23 am =9
h. sil+ NO 233 NO UI+ . U6 + NO A NO It+ .. 3. NO *2+ NO 3+ NO a'.
.5 's 0A + 's M., '.' 126 -. 5 . I .S J'.' .s 6 .. s "a ." :3 .. $ YA

.54 65 .54 $J .5-1 S-I 01 .54 2.4 . I 3.1 SI IS I 7Z -,I I"
I 11.4 14 15. I CIO 14 44 1., I<! 7.1 .4 =10 14 ' S 14 Is$ W .
24 24 a., 24 Itg IS.) 24 .1.1 24 Z I ZS IS' 24 M $ Z 24

5, 'Z' .. is IrS.' '* I. , 5,0 sits w I..
at* 11.1 .0 11 .10 32 am 31 1 n., am =A am 11.1 412 It, at t Am 26.4,

44, NO 4 271, .- 110, NO 85 NO A 32.9, 15 .. 3' .. 5 49 7
94 S4 134 5.1 .5-1 3.1 " 45 4.5 .519 2A 4 1 1.$ 5.1 0.0 Lj

I<t 14 .4 .3 I't -1k I 5. 4 as 14 2.3 IQ Its 14 6.1 IQ $11
M '0 24 .4 2-S N.4 2,5 010 $A 2 21. s Icc 24 140 24 is. 2's Its
m = $ W :* I $ 0 1.2 5-11) P., 540 m I 5=034 S 5-4 3S.1 $,M M2 5-10 .30 $-1* 0 0 5, 0 $11

1, am ", Am IIA 1* 21.5 AM 351 Am W S Am A.1 AW " S at* W 3 Am 31 1 .10 Z I

+ 11 N, 0:2+ NO 22+ NQ 201+ NO 10 31+ 'N S *91 N. 331+ No 20 + WS Is. + NO ii0+ NO

.4 00+ 's 0 5 1. 11 3 1 .' -. s 21 .s 31 $.s '.s It -4 2.

LI .5-% 1.41, 5'1 30
14 14 C1 14 4.3 1-2 3$14 0* 14 m 2 00 C3 14 10 14 a 3 1 2 11 IQ w 4 1.:

*11 M, , '.' 1 ".' VS 251 215 V I M 204, 24 1$ a 21S 114 111 HS 24 ILI 9 4 24 1$

S-0 U a S.M d$ S-10 $4.2 5 0 'a it 5,0 Of m M 2 ,W R 6 m 43 $ 00 a, 10 4.3 m 31.S m 34A 0 334
at* Vj at* IJ 410 MS 010 V S 410 1$2 430 22A 410 sS 0 410 " 2 A 33 .0 306 AID W., to Its 4.0 41.4
NO 11+ NO 0 11+ 1 11 NO I I NO 13 + 11 Is, + " 1 41S7+ No 77 NS 2104+ N$ 10t+ NO 7,1+ N' 64 + N 165

'.5 .. 2 -. s .. s 0 .4 11.3 4 3 .. s 0 3 s '.s 3 o .4 09
.5 1 00 .54 a .,.I I , s I I 0.0 .1.1 1 a 30 '1 2 4 15.1 it

14 '.: 14 :$' 14 It.$ Q 4.3 14 SA W 41 IQ 39
Nm 2o: 2-s u.s 24 it., 24 11.1 2, 2'.4 24 '2 - a,

4.1 0 M.: 41.3 s, 0 370024 24 24 24 is 24 1'$12 5 10 56.1 5 4 4 $ w 1.4 5. 7 U 6 5 10 3$.S Wit 41,0 W 41, S w Q 5 W 402

. I Am M" Am 22.1 Am M, 110 2$9 AM It.$ Am 207 .10 22 4 410 U S 410 V., k:4 22' 0 k o x 2 4.0 it.$
NO 2,t NO 16 NO 3:. NO 27 NO 14 '3+ NO :.*If+ N$. 2262+ N$ NS 2791+ NO 33t

:1 

33

00 + 0 + + N, :1+ 1"+ N'
.. s 0 .$ A $ 0. .4 .. 5

00 .54 11.4 s1I 149 AI 35 .$.1 00 .54 00 . I 110 44 L, 41 OY
IQ 5-1 24 -I

s$ 14 $1 14 $4 14 00 I , 4 IQ $s 14 1 ' 14 1, 14 4 W 45 101 3
"S 102 

21$ 4 24 11

24 r '4 M. "'2-S 2, A 23 1 24 104 24 2D* 24 IL7 24 i's A. 11.1 it.,
5 10 3&* O 2S , $40 2 .5 5 10 Is 3 UIQ VJ .* 3*J WD 34 S $.14 111 m 35,4 10 29 Z UIQ " Z 5.10 1%' 10 M 0

A'O 4 0 it 0 17.. at* 23.1 AM 37.1 .10 W S Am 32 2 .30 0.2 AM I ii'o Q 1, 4.0 $1,11 AM S.9 AM 02 .10 04
NO 3 0+ NO 3$+ NO .7 N. 20+ NO 53+ NO It$+ NO 19, + NO 18" NO 301+ S. 1183+ NO NO I I NO 0'!

-. $ 00 15 00 .. s 2tt j it .$ 1.2 .$ 01 s 0 -4 2.3 . J 2., 5 A -S 36

5,1 $0 3-1 1., S-I $$ A-1 24 1 21 W 24 1'2 5 1 2 Z 0 1 . 1 10
m 7 , it 2 .3

4 2 00 IQ 14 1.4 1,2 2 2 14 31; IQ W 3 5 IQ 3 2 Q

24 20 0 2 2's is , 2.$ a 1 2 Z4 a., i's 124 24 At 4 2-s 11.1 s I I
24 .$ 0

24 11 1 :s
'$ 0 12.9 "m V$ "M 43 5 .0 19 25 7 5 10 n 5 10 so a .1 5,10 34

A% w I AW 170 33 1 1 A .1 it, 0 0 $2 3
"+

A M 0 Am 21'4 It 4.1 iN -I- A- 15214 9 N 12

0 0 i S 5 0 9 5 01 -. 5 1 C V c I
0

0 11 I'A 9.4 14 1 1 1. 11 11 11 1., 3 0.11, VISIBILITY
13.5 24 111 24 13 I $ 40 2's

s'. ji 11 .4 PIO 27, Pit3 10o Iraq .... y ot
W 11 1 . Q 3, 5 .10 V 6 V%11. With).N= "+ i= " I V';'

N= 17 .. W.+ 361+ 1 N 26+ NO if X 2 0
+

5 1 6 1 10 
EXAMPI.C: 2

I 0 41 11 &S 11 . &S f th6 Ob.-tod 07
V .11,111044 -6
Ibuk Z 112 N, 141!f, 6 < 10 .11.1013 

90
57+ N= .4+ N= 1. . N= -+ H 00' %I 2: 10

N 12340

"u 0, 3. 4
a,, u w . 1. 10 $61

20-

184



November Visibility
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November Ceiling-Visibility (mlid range)
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186 NOTE: Ana!,ysis beyond the mean ice edge is highly subjective due to low observation counts.



November Ceiling-Visibility (low range)
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W'ovember Wind-Visibility-Cloudiness
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November Mean Scalar Wind Speed
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November Wind Speed < 11 and > 34 Knots
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November Wind Speed 11-21 and 22-33 Knots
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November Surface Wind Roses r
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November Surface Wind Roses
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November Mean Air Temperature
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November Mean Sea Temperature & Ice Edge
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ovember Wave-Height > 3-Ft.,& Ice Concentration
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196 NOTS Analysis beyond the mean ice edge is highly subjective due to low observation counts.



November Wave Height > 8 Ft. & Ice Concentration
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November Wave Height
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December Clouds
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December Precipitation
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December Visibility
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December Visibility
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December Ceiling-Visibility (mid range)
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['ecember Ceiling-Visibility (low range)
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December Wind-Visibility-Cloudiness
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December Mean Scalar Wind Speed
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December Wind Speed < 11 and > 34 Knots

CU) 
C"

I LID
C IM

to)

W 0
II

("4

/ I?

C)
0

(1) C)J

ci) C~

NOTE. Ana,' scs beyond the mean ice edge is highly subjective due to low observation counts
208



December Wind Speed 11-21 and 22-33Xnots
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December SurfcaceWind Roses
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December Surface Wind Roses
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December Mean Air Temperature
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December Mean Sea Temperature & Ice Edge
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December Wave Height > 3 Pt. & Ice Concentration
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December Wave Height > 8 Ft. & Ice Concentration
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December Wave Height
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December Wave Height
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STATION CLIMATIC SUMARAY
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STATION CUMATIC SUMMARY
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STATION CLIMATIC SUMMARY
(Derived from ho-m-ly toecmmmunications data)
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STATION CLIMATICSUMMARY
(Derived from hourly teiecomfrounicatlona data)

WMO NO. 01152: Soda, Norway LAT: 6116'N LON: 14022*E ELEV., 141 Ft
Period of record (hourly): 1973-1989 Period of record (daiy): 1973-1989
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STATION CLIMATIC SUMMARY
(Derived from 'hourly telecommnunications data)

WMVO NO. 20046: Kiseysa Island, USSR LAT: 80037'N LON: S8'03'E ELEV: 66 Ft
Period of record (hourly): 19751989 Period bfiecord (daily): 1973A1989
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STATION CLIMATIC SUMMARY
(flarived tram hourly telecommunicationa data)

WMVO NO. 20107: Barentaburg, USSR LAT: 78C04'N LON: 14013'E ELEV: 161 Ft
Period of record (hourly): 1973-1989 Period of record (daily): 1973-1989
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STATION CLIMATIC SUMMARY
(Derived from hourly telecommunications data)

WMVO NO. 20744: Malyye Karmakuly, USSR LAT: 72023'N LON: 52044'E ELEV.: 52 Ft
Period of record (hourly): 1973-1989 Period of record (daily): 1973-1989
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STATION CLIMATIC SUMMARY
(Derived from hourly telecommunications data)

WMVO NO. 22113: Murmhanskc, USSR LAT: 68058'N LON: 33003'E ELEV. 151 Ft
Period of record (hourly): 1973-1989 Period of record (daily): 1973-1989
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STATION CLIMATIC SUMMARY
(Derived from houriy telecommunications data)

WMO NO. 22165: Kanln Nos, USSR LAT: 68039'N LOW: 43018'E ELEV: 161 Ft
Period of record (hiouriy): 1973-1989 Period of record (daiiy): 1973-1989
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